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NOTATION 


AR  Aspect  ratio 

b Span 

C^,  Thrust  coefficient,  (thrust-drag) /thrust 

c Wing  chord 

D Drag,  block  gage  load  (GAGE)  plus  the  horizontal  component  of 

thrust 

g Gravity  acceleration 

Significant  wave  height 

h Heave,  distance  between  the  bottom  of  the  wing  and  the  mean 

static  waterline  (positive  when  wing  is  above  water) 

hg  Endplate  height 

Imm  Immersion,  (h^  - h)  distance  between  the  bottom  of  the  endplate 

and  the  mean  static  waterline  (positive  when  endplate  is  in  water) 

L Lift 

LCG  longitudinal  center  of  gravity  (c.g.)  position 

PAPE  Pressure  in  the  aft  section  of  the  port  endplate 

PASE  Pressure  in  the  aft  section  of  the  starboard  endplate 

PFPE  Pressure  in  the  forward  section  of  the  port  endplate 

PFSE  Pressure  in  the  aft  section  of  the  starboard  endplate 

PT  Point  number 

RPMq  Fan  rotational  velocity  when  the  model  has  zero  forward  speed 
T Thrust 

T Excess  thrust,  negative  of  the  block  gage  load  (GAGE) 

exs 

T/W  Thrust-to-weight  ratio 

T/W  Thrust-to-weight  ratio  static 

o 

t^/h  Theoretical  incoming  jet  thickness-to-height  ratio 
V Velocity 


v 


Weight 


Wing  angle  of  attack  as  measured  from  the  bottom  of  the  airfoil 
Pitch  as  measured  from  the  bottom  of  the  airfoil 
Flap  angle 
Fan  angle 
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ABSTRACT 


An  investigation  was  conducted  at  the  David  W.  Taylor 
Naval  Ship  Research  and  Development  Center  Carriage  III 
Facility  to  determine  performance  characteristics  of  a 
power-augmented-ram  wing-in-ground-effect  vehicle.  The 
model  was  the  first  statically  stable  vehicle  to  be 
operated  free  in  heave  and  pitch  with  excess  thrust. 

The  power-augmented-ram  vehicle  successfully  accomplished 
a static  takeoff  at  the  extremely  low  thrust-to-weight 
ratio  of  0.173.  The  model  was  able  to  accelerate  through 
hump  at  a vehicle  density  of  2 lb/ft3  (32  kg/m3);  this  is 
a higher  density  than  in  any  previous  test. 

Trimming  moments  were  supplied  by  one  of  several 
aero-dynamic /hydrodynamic  control  surfaces.  The  best 
performance  was  obtained  using  a large  40-deg  deadrise, 

"V"  shaped,  planing  tail. 


ADMINISTRATIVE  INFORMATION 

This  experimental  investigation  was  undertaken  by  the  Air  ANVCE 
Projects  Division  (1612)  of  the  Aviation  and  Surface  Effects  Department 
at  the  David  W.  Taylor  Naval  Ship  Research  and  Development  Center 
(DTNSRDC) . The  model  design  and  construction  was  sponsored  by  the 
Advanced  Naval  Vehicle  Concept  Evaluation  (ANVCE)  Project  Office  (NOP- 
96V)  of  the  Program  Planning  Office  (Navy)  and  was  funded  under  Task 
Area  SSH15002,  Work  Unit  1612-009.  The  actual  test  and  evaluation  phase 
of  this  investigation  was  sponsored  by  the  Naval  Air  Systems  Command 
(NAIR-320D)  and  was  funded  under  Task  Area  WF  41-421,  Work  Unit  1600-007. 

INTRODUCTION  AND  BACKGROUND 

Interest  in  the  wing-in-ground  effect  (WIG)  phenomenon  stems  from 
the  early  1920's  when  Wieselsberger^  first  quantified  the  reduction  in 
drag  for  wings  flying  "near  ground." 


H/ieselsberger , C. , "Wing  Resistance  Near  the  Ground,"  NACA  TM  77 
(1977). 
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In  the  1960's  a substantial  WIG  technology  effort  was  funded  jointly 

by  the  Navy  and  Army.  This  work  involved  several  detailed  wind  tunnel 
2 

investigations  and  a number  of  design  studies  utilizing  the  new  data. 

The  primary  reasons  for  discontinuing  the  program  were  takeoff  and 
landing  (loads)  constraints  which  limited  designs  to  unreasonably  low 
wing  loadings. 

A resurgence  of  WIG  investigations  began  in  the  early  1970' s.  At 

the  NASA  Langley  Research  Center,  tests  were  conducted  on  the  power- 

3 

augmented-ram  (PAR)  concept,  wherein  propulsors  are  located  in  front 
of  the  wing  and  their  high  energy  exhaust  is  directed  under  the  wing  to 
generate  high  lift  at  low  speeds.  Obviously  such  a system,  if  properly 
designed,  could  significantly  reduce  the  landing  and  takeoff  velocities 
of  an  ocean-going  WIG  aircraft,  thus  reducing  impact  loads  and  also 
allowing  much  higher  wing  loadings. 

Since  ANVCE's  beginr  September  1975,  an  extensive  investiga- 
tion of  the  PAR-WIG  ph  is  been  conducted  at  the  David  W.  Taylor 

Naval  Ship  Research  a opment  Center.  In  1976  two  simple  theories 

4 5 

were  proposed  to  predict  the  static  performance  of  the  PAR-WIG.  ’ These 
theories  predicted  that  with  proper  matching  of  the  propulsor  jet  area 
and  the  opening  bounded  by  the  wing  leading  edge,  endplates,  and  the  sur- 
face over  which  the  wing  is  positioned,  static  lift  many  times  the  thrust 
of  the  propulsors  could  be  generated  and  still  recover  a large  percentage 
of  the  original  thrust.  These  theories  predicted  considerably  better 
performance  than  had  been  achieved  previously  in  wind  tunnels. 


Anonymous,  "Wind  Tunnel  Investigation  of  Single  and  Tandem  Low 
Aspect  Ratio  Wings  in  Ground  Effect,"  Lockheed  Report  16906  (TRECOM 
Technical  Report  63-63)  (Mar  1964)  . 

3 

Huffman,  J.  K.  and  C.  M.  Jackson,  "Investigation  of  the  Static  Lift 
Capability  of  a Low  Aspect  Ratio  Wing  Operating  in  a Powered  Ground  Effect 
Mode,"  NASA  TM-X-3031  (Jun  1974). 

4 

Gallington,  R.  W.,  "Sudden  Deceleration  of  a Free  Jet  at  the  Entrance 
of  a Channel,"  DTNSRDC  Report  ASED  350  (Jan  1976). 

^Gallington , R.  W.  and  H.  R.  Chaplin,  "Theory  of  Power  Augmented-Ram 
Lift  at  Zero  Forward  Speed,"  DTNSRDC  Report  ASED  365  (Feb  1976). 
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A series  of  tests  over  groundboards  and  water  have  been  conducted 
to  verify  these  theories  and  to  develop  a data  base  from  which  vehicle 
designs  can  be  generated.  The  first  of  these  tests  was  conducted  in  the 
DTNSRDC  8-  by  10-  Ft  Subsonic  Wind  Tunnel  in  April  1976^.  This  simple 
test  showed  that  (by  properly  choosing  the  height  of  the  wing  above  the 
groundboard,  the  flap  angle,  angle  of  attack,  propulsor  position  and 
propulsor  angle)  performance  at  least  as  high  as  that  predicted  by  the 
theory  was  possible  at  zero  forward  speed.  Figure  1 is  a comparison  of 
the  theory  and  the  range  of  performance  covered  in  this  test. 

A second  investigation  was  completed  at  the  DTNSRDC  Langley  Tank  1 

in  September  1976.  This  test  was  designed  to  evaluate  the  performance 

of  the  PAR  phenomenon  both  statically  and  at  forward  speed  over  water. 

Results  from  this  investigation  were  encouraging.  Transport  efficiencies 

* 

as  high  as  30  were  predicted  using  these  data. 

The  third  major  test  in  this  series  was  completed  on  the  DTNSRDC 
Carriage  III  in  October  1976. ^ This  test  was  designed  to  investigate 
the  performance  of  the  PAR-WIG  model  in  various  sea  states.  The  effec- 
tiveness of  various  load  alleviation  devices  was  also  studied.  Signifi- 
cant results  from  this  investigation  include: 

• Root  mean  square  c.g.  accelerations  are  on  the  order  of  0.1  g 
for  a PAR-WIG  with  thin  endplates  in  Sea  State  5. 

• The  equilibrium  flying  height  with  respect  to  mean  sea  level  is 

greater  in  moderate  waves  (up  to  about  10  percent  of  the  span  in  height) 

than  in  calm  water,  and  there  is  no  drag  penalty. 

^Krause,  F.  H.  and  R.  W.  Gallington,  "Static  Performance  of  a Power- 

Augmented  Ram  Wing,"  Report  DTNSRDC  ASED-382  (Jun  1977). 

^McCabe,  E.  F. , "Assessment  of  Load  Alleviation  Devices  Installed 
on  a Power-Augmented-Ram  Wing  over  Irregular  Waves,"  Report  DTNSRDC 
ASED-383  (Aug  1977). 

*Reported  informally  by  G.  H.  Kidwell  and  R.  W . Gallington  ("Effect 
of  Configuration  on  the  Measured  Performance  of  a Power-Augmented,  Wing- 
In-Ground  Effect  Vehicle,"  DTNSRDC  ASF.D  TM-16-77-115,  Mar  1977);  and 
F.  H.  Krause  ("Parametric  Investigation  of  a Power  Augmented  Ram  Wing 
over  Water,"  DTNSRDC  ASED  TM-16-76-95,  Oct  1976). 
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This  report  presents  the  data  and  analysis  from  the  fourth  test  in 
this  series  completed  in  February  1977.  During  the  two  previous  tests 
over  water,  the  model  was  not  free  in  pitch;  however,  a new  model  was 
built  which  is  free  in  both  pitch  and  heave.  This  model  was  designed 

g 

using  a new  analytical  tool  and  previous  test  results.  In  addition, 

ANVCE  direction  limited  the  aspect  ratio  to  1.10.  The  model  can  be 
trimmed  at  various  angles  by  using  one  of  two  hydrodynamic  skids  and/or 
a horizontal  tail.  This  test  was  designed  to  determine  full  vehicle 
performance,  c.g.  effects,  and  trim  penalties. 

DESCRIPTION  OF  MODEL 

A general  arrangement,  three-view  drawing  of  the  "Sea-WIG"  model 
is  shown  in  Figure  2.  Principal  dimensions  of  the  model  are  listed  in 
Table  1.  The  vehicle  is  basically  a semi-monocoque  structure  and  is 
constructed  primarily  of  balsa,  spruce,  and  various  thicknesses  of  ply- 
wood with  some  aluminum  and  fiberglass.  The  model  contains  six  major 
components:  propulsion  section,  fuselage,  wing  flap,  endplate,  and  aero- 
dynamic/hydrodynamic trimming  system. 

The  propulsion  section  of  the  model  consists  of  four  light-weight, 

8- in.  diameter,  air-powered,  tip-driven  fans.  These  fans  are  mounted 
above  a 1-in. -square  aluminum  tube  which  runs  completely  through  the 
nose  of  the  fuselage.  The  entire  system  (mounting  tube  and  fans)  can 
be  rotated  and  locked  at  angles  of  20,  25,  and  30  deg.  The  system  loca- 
tion is  fixed  at  approximately  33  in.  (84  cm)  ahead  of  the  wing  leading 
edge . 

The  fuselage  is  132  in.  (335.3  cm)  long,  8 in.  (20.3  cm)  wide,  and 
10  in.  (25.4  cm)  high.  It  is  constructed  of  four  balsa  stringers  joining 
ten  bulkheads.  This  frame  is  then  covered  with  1/16-in.  plvwood.  Com- 
partments are  set  aside  in  the  nose  of  the  fuselage  and  also  in  the  aft 
section  for  balance  weights. 

Q 

Rousseau,  D.  G.  and  R.  W.  Gallington,  "Performance  Prediction  Method 
for  a Wing-In-Ground-Effect  Vehicle  with  Under-the-Wing  Blowing,"  DTNSRDC 
Report  ASED  379  (Mar  1977) . 
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A cavity  40  in.  (102  cm)  long,  6 in.  (15  cm)  wide,  and  7 in.  (18 
cm)  deep  is  located  10  in.  (25  cm)  aft  of  the  wing  leading  edge  in  the 
top  of  the  fuselage.  Two  aluminum  channels  run  the  length  of  this 
cavity  in  the  bottom.  Holes  spaced  1 in.  (2.54  cm)  apart  in  the  channels 
provide  mounting  points  for  the  pitch  pivot  and  block  gage  mounting 
brackets  which  attach  the  model  to  the  carriage. 

The  wing  is  approximately  53.2  in.  (135  cm)  in  chord  and  has  a span 
of  62.3  in.  (158  cm).  It  is  composed  of  ten  balsa  sections  mounted  to 
two  spruce  spars  and  is  covered  with  1/16-in.  marine  plywood.  The  two 
spars  pass  through  the  fuselage  under  the  mounting  cavity  and  bolt  di- 
rectly to  the  fuselage. 

Figure  3 is  a simple  line  drawing  of  the  flap  mechanism  as  designed 
by  J-Tec  Associates,  Inc.  The  flap  itself  is  a simple,  split  flap  arra  ge- 
ment  made  from  a sheet  of  1/8-in.  marine  plywood.  It  has  a chord  of  9 in. 

(23  cm)  and  is  attached  to  the  bottom  of  the  wing  with  simple  hinges.  The 
flap  is  spring  loaded  down  against  a downstop  (4  nylon  chords)  such  that 
it  will  "blow  back"  if  it  hits  water.  The  nylon  downstops  are  adjustable, 
though  this  capability  was  never  used.  The  loading  mechanism  is  composed 
of  an  aluminum  plate  hinged  to  the  wing  and  10  lengths  of  rubber  pulling 
the  aluminum  plate  down  against  the  flap.  The  rubbers  were  sixed  such 

2 

that  the  flap  would  not  be  blown  back  by  a uniform  load  less  than  8 lb/ft  . 

When  the  model  is  tested  at  higher  wing  loadings  (above  8 lb/ft ^), 
air  pressure  alone  under  the  wing  will  cause  the  flap  to  close  completelv 
(flap  angle  = 0.0).  This  could  be  disasterous  if  the  model  does  not 
pitch  up  to  close  the  trailing  edge  gap  with  the  water.  Therefore,  four 
wooden  blocks  were  made  and  installed  during  some  portions  of  the  test  to 
limit  the  minimum  flap  angle  to  27  deg;  see  Figure  3. 

Two  distinct  types  of  endplates  were  studied  during  this  investiga- 
tion. The  first  type,  a low-drag,  soljd  endplate,  is  shown  in  Figure  4. 

This  endplate  is  constructed  of  three  pieces:  the  forebody,  the  after- 

body, and  the  upper  body.  The  forebody,  a wooden  pyramid,  is  6 in.  (15.2  cm) 


| 
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deep,  2 in.  (5.1  cm)  wide,  and  9.375  in.  (23.81  cm)  long.  The  afterbody 
is  wedge  shaped  in  cross  section  and  is  5.5  in.  (14  cm)  deep,  1.84  in. 

(4.7  cm)  wide,  and  43.8  in.  (111.3  cm)  long.  When  the  forebody  and  after- 
body are  lined  up,  the  resulting  step  is  Q.08  in.  (0.2  cm),  which  should 
be  sufficient  to  insure  flow  separation  along  most  of  the  endplate.  The 
upper  body  is  2 in.  (5.1  cm)  wide  and  matches  the  airfoil  section  of  the 
wing.  The  0.08  in.  (0.2  cm)  overhang  of  the  upper  body  provides  a spray 
strip  along  the  wing. 

The  second  type  of  endplate  is  called  the  "soft"  endplate;  see 
Figure  2.  The  upper  body  of  this  endplate  is  the  same  as  that  of  the 
previous  endplate.  It  is  constructed  of  aluminum  and  fiberglass.  This 
portion  of  the  endplate  serves  as  a plenum  for  the  air  which  must  be 
supplied  to  the  lower  portion  of  the  endplate.  The  portion  of  the  end- 
plate which  extends  below  the  wing  consists  of  66  "fingers"  made  of 
0.005-in.  neoprene.  The  front  and  rear  fingers  are  slightly  larger  in 
cross  section  than  the  other  64.  This  is  a design  variation  of  the 
fingers  tested  by  McCabe^  and  reduces  the  tendency  of  the  first  finger 
to  move  outboard  and  around  the  second  finger. 

Three  different  aerodynamic  or  hydrodynamic  control  surfaces  were 
used  during  this  test.  The  horizontal  tail  shown  in  Figure  2 is  located 
25  in.  (63.5  cm)  above  the  bottom  of  the  wing  and  95  in.  (241.3  cm)  aft 
of  the  wing  leading  edge.  Principal  dimensions  of  the  tail  are  listed 
in  Table  1.  The  frame-  and  skin-type  construction  is  of  balsa  and  ply- 
wood. Boundary  layer  strips  are  installed  on  the  foil  upper  surface  at 
the  5-  and  25-percent  chord  stations  to  delay  stall.  Tail  incidence  can 
be  changed  using  shims. 

Two  extension  pieces,  which  when  attached  to  the  tail  increase  its 
chord  by  4 in.  (10.2  cm),  are  also  available.  Attaching  these  pieces 
can  result  in  a net  increase  in  tail  area  of  over  48  percent,  and  because 
they  attach  at  the  trailing  edge,  the  effect  on  airfoil  camber  is  much 
the  same  as  adding  a flap. 

The  other  two  control  surfaces  are  hydrodynamic  in  nature.  Skids 
1 and  2 are  made  of  solid  pine  and  are  both  pyramids.  The  dimensions 
and  normal  locations  of  these  skids  are  given  in  Table  1 and  Figure  2. 
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TEST  SETUP 


All  experiments  were  conducted  at  the  DTNSRDC  Carriage  III  Facility 
(January  through  February  1977).  This  high-speed  towing  facility  is 
operated  by  the  Experimental  Aero-Hydro  Group  (1614)  of  the  Aviation  and 
Surface  Effects  Department.  The  usable  dimensions  of  the  tow  basin  are 
at  least  2,100  ft  long,  20  ft  wide,  and  from  10  to  16  ft  deep. 

The  model  is  designed  to  be  free  in  both  pitch  and  heave.  A 2-in. 
block  gage  (100-lb  maximum  load)  attaches  to  the  model  at  the  pitch 
gimbal.  This  gage  is  bolted  to  an  aerodynamic  heave  post  extension 
(designed  especially  for  this  test  to  improve  airflow  near  the  model). 

The  entire  assembly  is  attached  to  the  light-weight  tow  post  assembly 
on  Carriage  III;  see  Figure  5. 

Raw  data  in  the  form  of  electric  signals  are  recorded  on  magnetic 
tape.  These  data  can  then  be  processed  anytime  by  the  on-board  Hewlett- 
Packard  2100  S Computer.  The  basi<'  variables  recorded  throughout  the 
investigation  were  four  fan  rotational  velocities,  speed,  immersion,  pitch, 
axial  force  (gage),  vertical  accelerations  at  the  pitch  pivot,  vertical 
accelerations  at  a point  49  in.  (124.5  cm)  aft  of  the  pitch  pivot,  four 
pressures  in  the  flexible  endplate  plenum,  and  wave  height.  Many  of 
these  variables  were  also  recorded  on  a 14-channel  oscillograph  as  a 
backup  system  to  the  digital  analysis.  The  run  number,  point  number, 
configuration  number,  c.g.  position,  model  weight,  tail  angle,  aspect 
ratio,  and  fan  angle  were  input  as  constants. 

The  model  was  tested  in  calm  water  (Sea  State  0)  and  in  irregular 
waves.  The  pneumatic-type  wavemaker,  located  at  the  east  end  of  the 
high-speed  towing  basin,  produces  waves  by  cyclical  variation  of  air 
pressure  on  the  water  surface.  The  model  was  tested  in  waves  having 
significant  heights  of  1.68  in.  (4.27  cm),  1.83  in.  (4.65  cm),  and  5.54 
in.  (14.07  cm).  The  energy  spectra  which  approximate  the  Pierson  - 
Moskowitz  spectra  for  the  same  significant  wave  heights  are  shown  in 
Figure  6.  These  wave  spectra  most  nearly  correspond  to  high  Sea  State 
2,  low  Sea  State  3,  and  low  Sea  State  5 conditions  for  a scale  factor 
of  20.87. 
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TEST  PROGRAM 

The  first  phase  of  this  test  was  the  propulsion  system  calibration. 

As  mentioned  previously,  the  four  fans  were  mounted  above  a 1-in. -square 
aluminum  tube.  This  arrangement  was  mounted  directly  to  the  2-in.  block 
gage  on  the  carriage  support  system.  A series  of  runs  were  made  at 
velocities  of  0,  10,  20,  30,  40,  and  50  ft/sec  (0,  3.05,  6.1,  9.14,  12.19, 
and  15.24  m/sec)  and  at  various  drive  pressures.  By  recording  fan  rotational 
velocities,  block  gage  force,  and  carriage  speed,  a calibration  of 
installed  thrust  was  completed.  A similar  series  of  runs  were  also  made 
with  the  propulsion  system  turned  to  an  angle  of  20  deg.  Table  2 shows 
the  complete  run  schedule  of  the  fan  calibration. 

The  test  was  divided  into  two  major  portions,  the  rigid  endplate 
and  the  soft  endplate.  Incidence  angles  of  1.0,  5.6,  and  9.0  deg  were 
investigated  for  the  tail  alone.  Longitudinal  c.g.  positions  from  38.80 
to  51.56  measured  in  percentage  of  the  chord  aft  of  the  wing  leading 
edge  were  investigated.  Model  weights  from  113.5  to  210  lb  (51.47  to 
95.24  k)  and  thrust-to-weight  ratios  from  0.173  to  0.262  were  also  tested. 
Table  3 contains  the  complete  run  schedule  followed  during  the  "Sea- 
WIG"  investigation.  Note  that  run  numbers  associated  with  calibrations, 
checks,  and  so  forth  have  been  omitted. 

RESULTS  AND  DISCUSSION 

All  of  the  data  taken  during  this  investigation  are  presented  in  the 
Appendix.  These  include  the  thrust  calibration  and  model  data,  but  do 
not  include  the  everyday  calibration  checks  of  drag,  heave,  and  pitch. 
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Figure  7 is  a plot  of  the  final  thrust  calibration  data  for  the 
fans  mounted  at  zero  angle.  Thrust  is  plotted  versus  fan  rotational 
velocity  at  zero  forward  speed  squared  for  various  carriage  velocities. 
Problems  with  measuring  fan  rotational  velocities  when  the  carriage  is 
moving  were  experienced  on  an  earlier  test,  and  for  this  reason  thrust 
calibrations  have  been  done  as  a function  of  fan  rotational  velocity  at 
zero  forward  speed.  Provided  that  the  air  supply  conditions  remain 

relatively  unchanged  during  a test  sequence,  the  results  have  been  very 
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good.  At  the  beginning  of  each  pass  down  the  towing  tank,  a zero  for- 
ward speed  data  point  is  taken  and  the  fan  rotational  velocities  are 
stored  on  the  computer.  These  velocities  are  then  used  to  calculate 
thrust  until  a new  zero  speed  point  is  taken.  Analysis  of  the  thrust 
data  taken  at  a fan  angle  of  20  deg  reveals  that  the  previously  untested 
assumption  of  unchanged  gross  thrust  for  fans  at  angles  is  valid. 

Three  key  quantities  provide  the  basis  for  analysis  of  the  results 
from  this  investigation:  (1)  excess  thrust  divided  by  model  weight 

(Texg/Wt) * (2)  heave  (h) , and  (3)  pitch  (0).  The  excess  thrust  is  ob- 
tained by  changing  the  sign  of  the  gage  force  measured  during  the  test. 
The  heave  is  defined  as  the  distance  form  the  bottom  of  the  wing  to  the 
water  surface  and  is  printed  in  the  data  output.  And  pitch  is  defined 
as  the  angle  between  the  bottom  of  the  wing  and  the  local  horizontal. 
Pitch  is  also  listed  in  the  data  output. 

LONGITUDINAL  CENTER  OF  GRAVITY 

Figure  8 is  a plot  of  excess  thrust  divided  by  weight  and  pitch 
angle  versus  longitudinal  c.g.  location  at  various  velocities  for  the 
model  with  rigid  endplates  and  the  large  skid.  Performance  of  the 
model  obviously  improves  as  the  c.g.  is  moved  from  51.5  percent  of  the 
chord  to  45.2  percent.  The  dashed  extension  to  the  zero  velocity  curves 
indicate  measured  performance  for  a position  of  44.5  percent.  Note  that 
data  for  this  c.g.  location  was  not  taken  at  forward  speed  because  of 
the  nose  down  model  attitude  at  6 ft/sec . The  model  would  most  likely 
perform  well  at  the  higher  forward  speed,  but  during  the  test  discretion 
was  exercised  to  prevent  possible  damage  to  the  model. 
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The  same  data  for  various  c.g.  positions  can  be  plotted  in  the  form 
of  excess  thrust-to-weight  ratio  versus  pitch  angle  for  a constant  veloc- 
ity; see  Figure  9.  There  appears  to  be  some  correlation  between  pitch 
angle  and  excess  thrust  and  is  to  be  expected.  Note  that  along  a con- 
stant velocity  curve  the  c.g.  is  moving  aft  as  the  pitch  angle  is  increas- 
ing. It  is  this  pitch  relation  to  performance  which  results  in  the 
importance  of  c.g.  position. 

AERODYNAMIC/HYDRODYNAMIC  CONTROL  SURFACES 

Three  longitudinal  control  surfaces  were  available  to  trim  the  model: 
(1)  the  aerodynamic  horizontal  tail,  (2)  a small  60-deg  deadrise  skid,  and 
(3)  a large  40-deg  deadrise  version.  The  large  40-deg  skid  was  more  effec- 
tive by  far  and  consequently  was  used  for  most  of  the  data  runs. 

Figure  10  is  a comparison  of  the  WIG  performance  with  the  horizontal 
tail  set  at  9 deg  both  with  and  without  the  small  skid;  this  usually  re- 
sults in  more  excess  thrust.  The  associated  increase  in  heave  is  probably 
due  to  less  air  escaping  under  the  endplates  in  front  of  the  50-percent 
chord  when  the  model  is  at  a lower  angle  of  attack.  At  forward  speed  the 
combination  of  lower  pitch  angle  and  higher  heave  results  in  greatly  re- 
duced hydro  drag.  Even  with  the  additional  wetted  area  of  the  skid  in 
the  water,  much  less  total  wetted  area  exists  because  at  the  higher  pitch 
angle  a large  portion  of  the  model  aft  fuselage  is  immersed  as  well  as  a 
major  portion  of  the  aft  endplates. 

Figure  11  is  a sketch  of  the  approximate  water  levels  (assuming  no 
hydrostatic  deflection)  on  the  model  at  35  ft/sec  (10.7  m/sec)  for  the 
above  cases.  Note  the  much  greater  deflection  of  the  flap  for  the  config- 
uration without  the  skid  and  the  consequential  greater  "wetted"  flap 
area.  These  flap  deflections  assume  a nominal  zero  clearance  between  the 
flap  trailing  edge  and  the  mean  waterline. 

Three  sets  of  data  with  a thrust-to-weight  ratio  of  0.225  and  a c.g. 
position  of  about  47.42  c are  shown  in  Figure  12.  Run  66  is  for  the  model 
with  aerodynamic  tail  surfaces  only  (I  = 9 deg).  The  last  two  runs  are 
configurations  with  the  large  skid,  one  with  the  tail  and  one  without. 

It  is  apparent  from  this  figure  that  the  aerodynamic  tail  surfaces  provide 
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very  little  trimming  power.  Several  explanations  for  this  performance 
have  been  proposed  but  none  validated. 

• The  horizontal  tail  area  is  too  small;  however,  when  the  area 
was  increased  with  cardboard  extensions,  no  improvement  in  trim  resulted. 

• Flow  over  the  tail  is  separating  too  early  because  it  is  laminar. 
Attaching  transition  strips,  however,  provides  no  increase  in  trim  power. 

• Aerodynamic  flow  in  the  wake  of  the  carriage  photographic  plat- 
form is  too  disturbed  to  allow  the  tail  to  function. 

• Airflow  is  nearly  stagnate  or  has  a considerable  downwash  compo- 
nent back  near  the  main  carriage  housing  where  the  tail  is  located. 

On  the  other  hand,  comparing  data  runs  with  and  without  the  skid 
shows  the  large  amount  of  trim  forces  provided  by  the  large  skid.  Note 
also  the  substantial  increase  in  excess  thrust  when  the  skid  is  used. 

This  larger  skid  has  a better  trim  capability  for  several  reasons: 

1.  It  has  a better  L/D  because  of  its  smaller  deadrise  angle. 

2.  It  is  larger,  thus  giving  more  area  for  lifting. 

3.  It  is  further  a ft  of  the  c. g. , resulting  in  more  trim  moment 
for  a given  amount  of  lift. 

Figure  11  shows  the  approximate  waterlines  for  this  configuration. 

Another  interesting  phenomenon  is  the  dramatic  decrease  in  heave 
which  occurs  at  a velocity  of  6 ft/sec  (1.83  m/sec)  for  both  configura- 
tions using  the  large  skid.  This  decrease  is  due  to  the  wake  behind 
the  wing  caused  by  the  pressure  distribution  under  the  wing  moving  down 
the  towing  tank.  The  shape  of  this  wave  form  can  be  determined  analyt- 
ically; however,  an  approximate  sketch  showing  the  phenomenon,  as  ob- 
served during  the  test,  is  shown  in  Figure  13.  The  model  pitches  down 
at  this  velocity  because  of  the  location  of  the  skid  in  the  top  of  the 
wave  hump.  Note  that  visual  observation  and  oscillograph  traces  showed 
that  the  worst  skid  position  actually  occurred  between  7.5  and  8.5  ft /sec 
(2.3  and  2.6  m/sec)  when  the  tip  of  the  skid  passes  through  the  wave 
crest.  At  higher  speeds  the  wave  crest  moves  further  downstream  until 
the  water  surface  in  the  vicinity  of  the  model  is  essentially  flat. 

MODEL  WEIGHT 


During  the  test  program  a short  series  of  runs  at  four  model  weights 
were  made.  Analysis  of  these  data  shows  little  evidence  that  vehicle 


densities  in  the  range  tested  have  any  significant  effect  on  performance. 
Figure  14  is  a plot  of  these  data  for  constant  static  thrust-to-weight 
ratio  and  model  configuration.  Model  weight  has  the  most  noticeable 
effect  on  heave  at  the  low  forward  speeds.  Hydrostatic  depression 
accounts  for  most  of  this  because  the  model  is  supported  primarily  by 
the  high  pressure  PAR  lift  under  the  wing. 

Further  analysis  of  the  data  reveals  that  the  decrease  in  heave  as 
weight  is  increased  from  135  lb  (61.24  kg)  to  210  lb  (95.26  kg)  is  greater 
than  the  theoretical  decrease  in  water  level  due  to  the  pressure  increase. 
At  zero  forward  speed  wing  loading  accounts  for  a decrease  in  heave  of 
0.634  in.  (1.61  cm)  from  the  lightest  to  the  heaviest  model.  The  heave 
data  show  a decrease  of  1.08  in.  (2.74  cm).  This  70-percent  reduction 
in  heave  shows  a definite  decrease  in  performance  at  low  forward  speeds. 
Note  that  at  the  highest  forward  speed  the  difference  in  heave  between 
the  same  two  configurations  is  only  0.41  in.  (1.04  cm).  This  decrease 
in  the  effect  of  model  weight  on  heave  is  obviously  a result  of  aerody- 
namic and  hydrodynamic  lift  replacing  some  of  the  PAR  lift  at  high  forward 
speeds . 

The  variation  of  excess  thrust-to-weight  ratio  with  model  weight  at 
the  various  speeds  is  also  of  interest.  It  should  be  pointed  out  that 
most  of  the  differences  being  discussed  are  on  the  order  of  twice  the 
drag  gage  accuracy.  At  0.0  and  9 ft/sec  (0  and  2.74  m/sec)  T^^/wt 
decreases  as  weight  increases  due  primarily  to  the  decrease  in  heave. 

When  the  model  is  flying  at  6 ft/sec  (1.83  m/sec),  the  heave  decreases 
as  weight  is  increased;  but  model  pitch  attitude  also  decreases,  resulting 
in  a net  increase  in  excess  thrust-to-weight  ratio.  This  decrease  in 
pitch  angle  is  due  to  the  increase  in  the  size  of  the  pressure  hump  aft 
of  the  wing  on  which  the  skid  is  located  at  this  speed. 

At  higher  forward  speeds  the  trend  is  not  the  same.  At  25  ft/sec 
(7.62  m/sec)  Texs/wt  increases  with  weight  up  to  a model  weight  of  185 
lb  (83.9  kg)  but  decreases  at  the  highest  weight.  Model  performance 
increases  with  weight  at  35  ft/sec  (10.67  m/sec)  for  all  weights  tested. 

In  general,  it  would  appear  from  the  trends  that  the  faster  the  vehicle 
is  intended  to  go,  the  more  efficient  it  is  to  run  at  higher  densities. 
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Further  investigations  are  necessary  to  determine  maximum  and  optimum 
vehicle  densities. 

ENDPLATES 

Two  types  of  endplates  were  studied  during  this  investigation. 

The  soft  endplates  extend  6.0  in.  (16.2  cm)  below  the  bottom  of  the 
wing;  the  solid  endplates  extend  only  5.5  in.  (14  cm).  Assuming  the  same 
performance  for  both  configurations,  a difference  in  heave  of  approxi- 
mately 0.5  in.  (1.3  cm)  is  expected.  Figure  15  is  a comparison  between 
3 configurations  identical  in  every  respect  except  for  endplates. 

Heaves  for  the  two  soft  endplate  cases  are  approximately  0.7  in.  (1.8  cm) 
higher  than  the  model  heaves  for  the  configuration  with  hard  endplates 
at  all  forward  speeds.  Along  with  this  increase  in  heave,  an  associated 
increase  in  pitch  is  necessary  to  get  enough  wetted  area  on  the  skid  to 
trim  the  model.  Finally,  there  is  very  little  difference  in  model  excess 
thrust  characteristics  for  these  two  configurations.  The  only  apparant 
cause  for  this  performance  is  the  difference  in  endplate  lower  edges. 
Similar  characteristics  were  found  by  McCabe. ^ 

FLAPS 

During  the  investigation,  three  flap  arrangements  were  used.  One 
arrangement,  the  free  flap,  allows  the  flap  angle  to  vary  between  0 and 
40  deg.  The  second  arrangement,  referred  to  as  the  partial  flap,  consists 
of  the  free  flap  limited  to  a travel  of  28  to  40  deg.  The  fixed  setup 
(the  third  arrangement)  consists  of  the  flap  fixed  at  an  angle  of  28  deg. 
Figure  16  is  a plot  of  the  mode  performance  for  the  three  flap  configu- 
rations with  the  large  skid,  an  approximate  thrust-to-weight  ratio  of 
0.178,  and  a fan  angle  of  20  deg. 
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The  heave,  pitch,  and  excess  thrust-to-weight  characteristics  of 
the  two  configurations  using  the  free  and  partial  flap  arrangements 
were  nearly  the  same  at  all  forward  speeds.  In  general,  this  would  be 
true  unless  the  model  weight  (hence,  cushion  pressure)  was  high  enough 
to  close  the  flap.  The  fixed  flap  configuration  has  better  performance 
in  terms  of  excess  thrust-to-weight  at  all  speeds.  The  heave  is  lower, 
as  expected  with  a smaller  flap  angle  (28  deg  as  compared  to  the  nominal 
undeflected  angle  of  40  deg) , and  the  corresponding  pitch  angle  is  lower. 

FAN  ANGLE 

Three  specific  fan  angles  (20,  25  and  30  deg)  were  tested  during 
this  investigation.  Figure  17  contains  comparison  plots  utilizing  data 
from  three  identical  configurations  except  for  the  fan  angle.  From  these 
curves  it  is  apparent  that  the  20-deg  fan  angle  was  the  optimum  tested 
in  terms  of  excess  thrust-to-weight  ratio  at  all  speeds  up  to  35  ft/sec 
(10.67  m/sec).  At  this  speed  the  model  heave  is  low  enough  to  cause 
large  hydrodynamic  loads  on  the  endplate,  and  the  excess  thrust  drops 
to  that  of  the  25-deg  fan  angle  case.  Although  no  runs  were  made  with 
fan  angles  less  than  20  deg,  no  performance  improvements  would  be  expected. 
In  fact,  considering  the  low  values  of  heave  for  the  20-deg  case,  the 
model  could  not  be  expected  to  fly  (at  least  statically)  with  a much 
lower  fan  angle. 

OSCILLOGRAPH  OUTPUT 

No  attempt  to  publish  the  large  numbers  of  oscillograph  traces  or 
to  analyze  their  contents  has  been  made.  The  primary  function  of  the 
oscillograph  system  is  to  back  up  the  digital  data  system.  Several  inter- 
esting time  histories  are  available  from  the  45  ft/sec  (13.7  m/s ec)  runs 
made.  Figure  18  is  a reduced  copy  of  the  oscillograph  trace  from  Run  119. 
The  time  axis  is  marked  along  the  bottom  and  the  zero  points  for  velocity, 
gage  force,  c.g.  accelerations,  and  stern  accelerations;  pitch  and  immer- 
sion are  shown  on  the  vertical  axis.  Also  shown  are  the  sensitivities  in 
units  per  block  for  each  data  channel. 

Two  interesting  phenomenon  appear  on  this  graph.  The  first  is  the 
model  behavior  at  7 ft/sec  (2.1  m/sec)  which  corresponds  to  the  theoretical 
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hydronautic  hump  speed.  This  has  been  described  earlier  in  the 
report  but  is  shown  dramatically  during  this  acceleration  to  45  ft/sec 
(13.7  m/sec).  The  model  pitches  down  about  4 deg  and  its  heave  drops 
1.75  in.  (0.69  cm)  (corresponding  to  an  increase  in  immersion).  Notice 
that  immediately  following  this  behavior,  there  is  an  increase  in  gage 
force  (decrease  in  excess  thrust).  The  reason  for  this  behavior  is  the 
position  of  the  skid  in  the  model  wake. 

The  second  region  of  interest  occurs  as  the  model  accelerates  from 
30  to  40  ft/sec  (9.14  to  12.2  m/sec).  In  this  speed  regime  large  pitch 
and  heave  oscillations  occur  at  a frequency  of  about  1.25  Hz.  The  oscil- 
lations are  in  phase,  which  is  to  say  that  when  the  model  height  above 
the  water  is  high,  its  pitch  attitude  is  high  also.  No  physical  explan- 
ation for  this  behavior  can  be  offered  with  any  degree  of  confidence.  It 
is  probably  due  to  the  system  of  pitch  control  (the  fixed  skid)  and  can 
be  controlled  with  a better,  more  flexible  system.  Also,  as  the  model 
reaches  a speed  of  45  ft/sec  (13.7  m/sec),  the  oscillation  dampens. 

"SEA-WIG”  PERFORMANCE 

The  best  transport  efficiencies  obtained  for  the  model  with  just 
the  horizontal  tail  and/or  the  small  skid  were  on  the  order  of  0.7. 

By  switching  to  the  large  skid  configurations,  transport  efficiencies 
as  high  as  3.65  were  obtained  (Run  106).  This  five-fold  increase  in 
performance  is  due  to  the  lowering  of  trim  angles  and  to  the  reduction 
in  drag  on  the  trimming  surface. 

Based  on  results  from  earlier  tests  by  Kidwell  and  Gallington, 
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efficiencies  of  at  least  20  were  expected  for  this  vehicle.  This  earlier 
work  showed  that  efficiencies  even  higher  than  20  are  possible  for  similar 
vehicles  with  no  drag  penalty  for  trim.  It  would  then  appear  that  trim 
drag  is  the  prime  reason  for  the  poor  performance  of  the  "Sea-WIC." 

Using  the  data  from  Run  106,  which  is  the  best  performance  case 
tested  in  this  series,  an  attempt  to  determine  the  trim  drag  penalties 
- can  be  made.  Two  general  assumptions  are  necessary.  First,  one  must 

assume  that  15  percent  of  the  model  weight  is  lifted  by  the  large  skid 
so  that  the  model  can  he  trimmed.  This  means  that  the  lift  on  the  skid 

I 
I 
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will  be  approximately  20  lb.  Next,  one  assumes  that  the  L/D  on  the  skid 
is  2.5,  which  is  probably  conservative  considering  only  a small  portion 
of  the  skid  is  in  the  water,  and  there  are  no  spray  strips  to  prevent 
attachment  of  a sheet  of  water  to  the  upper  portions  of  the  skid.  The 
drag  due  to  the  trimming  surface  is  then  8 lb,  or  over  AO  percent,  of 
the  total  model  drag.  This  results  not  only  in  a twofold  increase  in 
the  power  required  but  also  in  a dramatic  decrease  in  the  maximum  cruise 
speed.  In  summary,  predictions  are  that  if  a more  efficient  trimming 
device  is  utilized,  much  better  performance  can  be  realized. 


CONCLUSIONS 


This  investigation  was  designed  to  study  full  vehicle  performance 
of  the  "Sea-WIC"  model.  The  following  are  test  conclusions: 

• Successful  static  takeoff  was  accomplished  (Run  71)  at 
the  lowest  thrust-to-weight  ratio  (0.173)  ever  tested. 

• The  first  statically  stable  operation  of  a PAR-WIG  vehicle 
over  water  free  both  in  pitch  and  in  heave  with  excess  thrust  was  demon- 
strated . 


• The  model  was  able  to  accelerate  through  hump  at  the  highest 

3 

vehicle  density  ever  tested  (slightly  greater  than  2 lb/ft  , Run  121). 

• The  optimum  fan  angle  for  this  configuration  is  nearly  20 


deg. 

• A 40-aeg  deadrise  planing  tail  produced  better  performance 
than  a 60-deg  deadrise  planing  tail  and  two  different  aerodynamic  horizontal 
stabilizers. 


• High  vehicle  densities  are  most  efficient  for  the  high- 
speed runs. 

• Within  the  limits  tested,  the  further  forward  the  c.g. 
position  can  be  located  and  still  operate  the  vehicle,  the  better  per- 
formance will  be. 

• The  pitch-heave  oscillation  at  35  ft/sec  is  probably  a 
result  of  the  planing  tail  and  is  similar  in  behavior  to  a planing  boat. 
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RECOMMENDATIONS 


The  limitations  of  several  pitch  control  systems  were  discovered 
during  this  phase  of  the  WIG  experimental  program.  Based  on  the  data 
generated  during  this  investigation,  it  is  recommended  that  several 
further  studies  be  made.  The  first  of  these,  predominately  a stability 
test,  would  be  conducted  with  the  model  fixed  in  pitch  but  free  in  heave. 
Forces  and  moments  could  then  be  measured  using  a six-component  internal 
balance.  Various  hydrofoil  sizes  and  positions  could  be  investigated. 
Promising  configurations  would  then  be  tested  both  free  in  pitch  and 
heave.  Later  a smaller  program  could  be  carried  out  on  the  same  model 
in  irregular  waves.  Several  additional  capabilities  for  these  follow- 
up tests  would  be  helpful: 

• Measurement  of  static  pressures  at  several  points  on  the 
wing  upper  and  lower  surface. 

• Direct  measurement  of  fan  thrust  during  runs. 

• Direct  measurement  of  lift  and  drag  on  the  trimming  device. 
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Figure  9 - Excess  Thrust-to-Weight  versus  Pitch  Angle 
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Figure  10  - Effects  of  Various  Control  Surfaces  on 
Vehicle  Performance 
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(A)  EMPENNAGE  ONLY 


(C)  SKID  (LARGE) 

Figure  I)  - Approximate  Waterlines  on  the  Model  .it 
35  Feet  per  Second  for  Run  119 
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Figure  15  - Rigid  versus  Soft  Endplate  Performance  in 
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TABLE  1 - "SEA-WIG"  MODEL  SPECIFICATIONS 


Fuselage 


length 

130 

in. 

330.2 

cm 

width 

8 

in. 

20.3 

cm 

height 

10 

in. 

25.4 

cm 

Wing 


chord,  c 

53.2  in. 

135.1  cm 

span,  b 

62.3  in. 

158.2  cm 

thickness  ratio,  t/c 

0.15 

0.15 

flap 

0.166  c 

0.166  c 

airfoil  section 

flat  bottom 

NACA  0015 

taper  ratio 

1 

1 

sweep 


0.0  deg 


Propulsors 

manufacturer 
model  number 
diameter.  Dp, 
max  thrust 
angle  range,  0p 
number  used 


Tech  Development  Inc. 
TD  - 492 

8 in. 


20-30  deg 
4 


20.3  cm 


Soft  End  Plate 


bottom  length 

49.5 

in. 

125.7 

cm 

bottom  width 

0.75 

in. 

1.91 

cm 

depth 

6.0 

in. 

15.2 

cm 

deadrlse  angle 

84.5  deg 

flexible  finger 

material 

0.005 

in.  nylon, 

neoprene 

impregnated 

flexible  finger 

number 

66 

Solid  End  Plate 
Upper  body 

width  2 in.  5.1  cm 

shape  same  as  wing  airfoil 
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TABLE  1 - (Continued) 


Fore  body 


depth,  base 

6.0 

in. 

15.2 

cm 

width,  base 

2.0 

in. 

5.1 

cm 

length 

9.375  in. 

23.81 

cm 

dead rise  angle 

80.5  deg 

After  body 

depth 

5.5 

in. 

14.0 

cm 

width 

1.84 

in. 

4.67 

cm 

length 

deadrise  angle 

43.8 

in. 

80.5 

deg 

111.3 

cm 

SKID  1 

length 

16.0 

in. 

40.6 

cm 

depth,  base 

6.0 

in. 

15.2 

cm 

width,  base 

4.0 

in. 

10.2 

cm 

deadrise  angle 

71.6 

deg 

keel  angle 

69.4 

deg 

distance  from  base  to  leading 
edge  of  wing 

77.5 

in. 

196.9 

cm 

SKID  2 

length 

43.73 

in. 

111.1 

cm 

depth,  base 

6.0 

in. 

15.2 

cm 

width,  base 

14.3 

in. 

36.3 

cm 

deadrise  angle 

40 

deg 

keel  angle 

82.2 

deg 

distance  from  base  to  leading 
edge  of  wing 

97.0 

in. 

246.4 

cm 

Horizontal  tail 

span 

62.3 

in. 

158.2 

cm 

chord,  root 

10.0 

in. 

25.4 

cm 

chord,  tip 

5.0 

in. 

12.7 

cm 

distance  above  bottom  wing 

25.5 

in. 

64.8 

cm 

distance  from  wing  L.E.  to 
L.E.  tail 

91.0 

in . 

231.1 

cm 

chord,  root  w/extension 

14.0 

in. 

35.6 

cm 

chord,  tip  w/  extension 

9.0 

in. 

22.9 

cm 
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TABLE  2 - RUN  SCHEDULE  PROPULSION  SYSTEM  CALIBRATION 


Run 

Regulator  Pressure 
(psig) 

Fan  Angle 
(deg) 

Velocity 

(ft/sec) 

9 

170 

0 

.0 

0-30 

10 

40 

11 

50 

12 

150 

0-30 

13 

40 

14 

40 

15 

130 

0-30 

16 

40 

17 

110 

0-30 

18 

40 

19 

90 

0-30 

20 

40 

21 

V 

40 

23 

160 

20 

.0 

0-30 

24 

40 

25 

50 

26 

130 

0-30 

27 

40 

28 

50 

29 

100 

0-30 

30 

40 

31 

> 

l 

50 

32 

100 

0 

.0 

0-30 

33 

t 

40 

34 

50 

35 

180 

1 

i 

0-30 

36 

1 

40 

37 

\ 

1 

1 

50 

40 

160 

1 

0-30 

41 

40 

42 

50 

Remarks 


Fans  off 


Computer  error 
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TABLE  2 - (Continued) 


Regulator  Pressure 
(psig) 


Fan  Angle 
(deg) 


Velocity 

(ft/sec) 


Remarks 
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TABLE  3 - (Continued) 


APPENDIX 


TABULATED  DATA  - THRUST  CALIBRATION  AND 
"SEA-WIG"  PARAMETRIC  INVESTIGATION 

This  appendix  contains  all  of  the  data  taken  during  the  "Sea  WIG" 
investigation,  excluding  instrumentation  calibration  runs  and  daily 
checks.  Runs  9 to  51  are  the  fan  thrust  calibration  runs.  They  are 
denoted  in  the  data  by  a configuration  number  of  9990.  Of  interest 
for  this  portion  of  the  investigation  are  the  fan  rpm's,  speed,  fan 
angle,  and  gage  data  channels.  The  gage  value  printed  in  the  readout 
is  the  horizontal  component  of  the  net  thrust  for  the  entire  propulsion 
system.  The  remaining  runs  presented  in  this  appendix  are  all  of  the 
model  data  points  taken  during  the  investigation. 
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POINT  • HUN  » CONF  * LOG  MODEL  TAIL  ASPECT  FAN  FAN  RPM  AT  ZERO  SPD  RMS  G'S  RMS  G'S  FLAP 

«T  ANGLE  RATIO  ANGLE  F AN  1 FAN2  FANS  FAN*  CG  STN  ANGLE 

SPEED  IMM  HEAVE  pitch  GAGE  ThRUST  DRAG  AVERAGE  FAN  RPM  PFPE  PAPE  PFSE  PASE 

FPS  IN  IN  DEG  • « • F AN  1 F AN?  FANS  FAN*  PSI  PSI  PSI  PSI 


39.81  .00  6.00  .00  -9.73  10.97  .68  3876.  *0?3.  3977.  38*8 


*T  ANGLE  LA  T 1 0 ANGLE  fan!  FANa  FaN3  FAN4  CG  STN  ANGL  t 

SPEEP  IMM  hEAVE  PITCH  GAGE  THRUST  DRAG  AVERAGE  FAN  RPM  PFPE  PAPE  PFSE  PASE 

FPS  IN  IN  OEG  » » « F AN  1 FAN?  FAN3  FAN*  PS1  PSI  PSI  PSI 


POINT  a PUN  a CONF  « |_CG  MODEL  TAIL  ASPECT  FAN  FAN  PPM  AT  ZEPO  SPD  RMS  G'S  PMS  G'S  FLAP 

M T ANGLE  RATIO  ANGLE  F AN  1 FAN?  FAN3  FAN*  CG  STN  ANGLE 

SPFED  IMM  heave  PITCH  GAGE  THPUST  DRAG  AVERAGE  FAN  RPM  PFPE  PAPE  PFSE  PASE 

FPS  IN  IN  DEG  # a # FANl  FAN?  FANS  FAN*  PSI  PSI  PSI  PSI 


POINT  • BUN  • CONF  • LCG  MODEL  TAIL  ASPECT  FAN  FAN  PPM  AT  ZERO  SPD  RMS  G*S  RMS  G'S  FLAP 

XT  ANGLE  RATIO  ANGLE  FANI  F AN2  FAN3  FAN*  CG  STN  ANGLE 

SPEED  IMM  HEAVE  PITCH  GAGE  THRUST  DRAG  AVERAGE  FAN  RPM  PFPE  PAPE  PFSE  PASE 

FPS  IN  IN  DEG  • » • FANI  FANE  FAN3  FAN*  PSI  PSI  PSI  PSI 


POINT  • RUN  « CONF  » LCG  MODEL  TAIL  ASPECT  FAN  FAN  RPM  AT  ZERO  SPD  RMS  6*S  RMS  G'S  FLAP 

*T  ANGLE  RATIO  ANGLE  F AN1  o- AN?  FAN3  F AN*  CG  STN  ANGLE 

SPEED  IMM  HEAVE  PITCH  GAGE  THRUST  DRAG  AVERAGE  FAN  RPM  PFP£  PAPE  PFSE  PASE 

FPS  IN  IN  DEG  *»  # * F AN  1 FAN?  FAN3  F ANA  PSI  PSI  PSI  PSI 
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